towards unsaturated substrates, and investigated catalytic hydroborations and hydrosilylations of ketones and pyridines. We found that hydroborations of two ketones using pinacolborane with various Mg precatalysts is very rapid at room temperature with very low catalyst loadings, and ketone hydrosilylation using phenylsilane is rapid at 70°C. Our studies point to an insertion/σ-bond metathesis catalytic cycle of an in-situ formed active "MgH 2 " species.
Introduction
Metal hydrides and their complexes play a fundamental role in many applications including as hydride sources in synthesis and catalysis, and for hydrogen storage technologies. [1] Of the binary hydrogen compounds of the chemical elements, s-block metal hydrides are unique due to the highly electropositive nature of the Alkali and Alkaline Earth metals, and their electronegativity difference to hydrogen. Thus, these metal hydrides are generally classified as ionic or saline. [2, 3] The s-block is furthermore home to highly earth abundant, non-toxic and even biocompatible metals such as Na, K, Mg and Ca, that offer a range of properties for future sustainable chemical applications. [4] A range of well-defined s-block metal hydride complexes have been reported in very recent years and these have already been successfully used in stoichiometric and catalytic transformations, and the hydrogen storage properties of some examples have been investigated. [2, 3] The recent success in this area can be attributed to both the development of suitable synthetic strategies to generate s-block metal hydride fragments, and the design and use of stabilising ligand systems that prevent dismutation and other decomposition reactions of the formed complexes that can lead to the precipitation of insoluble saline metal hydrides. Generally, the ionic and flexible metal-ligand interactions in s-block metal coordination chemistry require ligand systems that suppress dismutation equilibria, for example, by employing chelating, bridging, and/or sterically demanding ligands. [2, 3] The majority of well-defined s-block metal hydride complexes has been prepared with magnesium, and these encompass complexes with sterically demanding β-diketiminates, [5] mixed sblock amido species, [6] and a variety of other carbon-, nitrogen-or oxygen-based ligand species, [7, 8] as well as a few examples of related calcium hydride complexes. [9] They have been accessed either via hydride metathesis using magnesium alkyl or amido fragments with main group element hydride species (such as silanes, boranes or alanes), by β-hydrogen elimination, or via hydrogenation of dimeric magnesium(I) compounds with cyclohexadiene or alane complexes. The newly formed complexes show both interesting stoichiometric and catalytic reactivity. [2, [10] [11] [12] [13] For several catalytic applications, the active magnesium hydride catalyst was conveniently generated insitu from stoichiometric hydride sources such as boranes and silanes. [2, 10, 11] We have previously employed the simple, sterically demanding phosphinoamide ligand Ph 2 PNDip -(Dip = 2,6-diisopropylphenyl), L -, to obtain the well-defined and hydrocarbon-soluble lithium hydride complex [(LLi) 4 (LiH) 4 ] and studied its properties and reactivity. [14] Herein we report the extension to magnesium hydride complexes with this ligand. We reasoned that the orientation of the donor atoms of the phosphinoamide ligand, [14, 15] which typically favours bridging coordination modes, is similar to what we found for pyrazolate ligands, [16] and could favour the 3 formation of unprecedented cluster or ring complexes that potentially liberate reactive LMgH fragments for unusual stoichiometric and catalytic reactivity. In addition, the inclusion of the NMRactive phosphorus centre in the ligand system should allow further insights into the reactivity of the newly formed compounds.
Results and Discussion

Synthesis
To access suitable precursor molecules to phosphinoamido magnesium hydride complexes, we studied the reaction of the sterically demanding phosphinoamine [15] DipNHPPh 2 , LH, [14b] with commercially available di-n-butyl magnesium in hydrocarbon solvents. These observations are important when studying and understanding the stoichiometric and catalytic reactivity of these systems, especially with an excess of molecules that contain donor atoms.
Stoichiometric Reactivity
We studied the reaction of [ (LMgH) Figure 3 . In this complex, the hydride moieties did not react with the organic azide, as was previously found for a β-diketiminate MgH system, [11f] but instead converted two phosphinoamide ligands to anionic iminophosphorano phosphazide ligands
. [19, 20] We have previously found that the phosphinoamide ligand L -can undergo addition reactions to several unsaturated substrates. [14a,20] The overall geometry of the (MgH) [5e] 9 please insert Figure 3 here distorted tetrahedral magnesium geometry, but the data quality was too poor to be reported here (see the ESI for an image, Figure S54 ). The reaction of [ (LMgH) Figure 5 . The complex was structurally characterised, but because the overall quality was poor, only an image is presented in the ESI (see Figure S55 ). The isolated product contains one hydrometallated ketone per magnesium centre plus one coordinating ketone per Mg 2 unit. Repeating the reaction of 5 with six equivalents of 2-adamantanone showed that essentially one product (14) temperatures, these merge to one broad resonance (δ 37.8 ppm at 65°C) and, accordingly, one septet and one doublet are found for the isopropyl groups of the phosphinoamide ligands in the 1 H NMR spectrum of 14 at this temperature (see Figure S45) , showing fluxional ligand exchange processes under these conditions.
Catalytic Reactivity
Considering the recent success of employing alkaline earth metal hydride complexes as (pre-) catalysts for the hydroboration or hydrosilylation of unsaturated molecules, [10] we wanted to investigate the applicability of complex [(LMgH) 4 ] 5 in similar catalytic conversions. We reasoned that complexes such as 5, stabilised by a ligand that favours bridging and terminal coordination modes, can deliver open and reactive "LMgH" fragments and potentially act as a highly active (pre-) catalyst for these reactions.
Hydroboration and hydrosilylation of ketones
Since Mg-catalysed hydroborations of aldehydes and ketones with pinacolborane (HBPin) have previously been reported, [10,11d,21] and considering the rapid hydromagnesiation of 2-adamantanone (2-AdO) with 5 to yield 14, we chose 2-adamantanone and benzophenone as simple and symmetric substrates, because various side-reactions (enolisation and deprotonation, aldolcondensation) are unlikely or impossible, and to keep the identification of products and intermediates simple for this study. Remarkably, we found that reactions of either ketone with 1.2 equivalents of HBPin in C 6 D 6
at room temperature were complete in under 7 minutes after addition of the magnesium hydride cluster 5 (0.5 mol-% of tetramer, 2.0 mol-% Mg). The catalyst loading for reactions of HBPin with 2-AdO could even be reduced to 0.05 mol-% (0.2 mol-% Mg) without suffering any loss of activity, while the hydroboration yield for Ph 2 CO dropped slightly to 88% over 15 minutes when the catalyst loading was decreased to 0.05 mol-% (see Table 1 Encouraged by these promising results, we investigated catalytic reductions of these ketones by a silane as the hydride source. [23] To the best of our knowledge, only one example of a magnesium-catalysed hydrosilylation has been reported to date, which is the 1,4-addition of Ph 2 SiH 2 to α,β-unsaturated esters in the presence of a sterically demanding magnesium hydridoborate. [24] Thus, we attempted the hydrosilylation of our previous two substrates with 
Hydroboration and hydrosilylation of pyridine
In light of the successful stoichiometric reactivity of [(LMgH) 4 ] 5 with pyridines (Scheme 3) and previously reported magnesium hydride complexes, [5c,7a,d,8b,12] we studied the respective catalytic hydroboration and hydrosilylation of pyridine using 5. Equimolar amounts of pyridine and HBPin were treated with 2.5 mol-% of 5 (10 mol-% Mg) in deuterated benzene and complex 5 is, as expected, immediately consumed. The catalytic hydroboration of pyridine is possible at elevated temperatures, though is slow and incomplete. After 48 hours at 70°C, 32% of total dihydropyridide products, PinBdhp (dhp = dihydropyridide) have been formed, with 87.5% being the 1,4-dihydropyridide (1,4-dhp) versus 12.5% of 1,2-dihydropyridide (1,2-dhp) . Modification of the reaction temperature to 80°C gives 35% conversion after 24 hours (89% 1,4-dhp : 11% 1,2-dhp) and 58% conversion after 96 hours (93% 1,4-dhp : 7% 1,2-dhp). Increasing the catalyst loading to 5 mol-% of 5 results in slightly higher yields of hydroborated pyridine (53.5% after 37 hours at 70°C). Full conversion of pyridine into PinBdhp is not achieved because pinacolborane slowly decomposes to B 2 (Pin) 3 during the course of this reaction, [11d,12] which could be isolated from one of the catalysis experiments as a crystalline product. In addition, the 11 B NMR spectra taken after heating the reaction mixture at 70 or 80°C for at least 15 hours show a broad peak at ca. 22 ppm that was attributed to B 2 Pin 3 and a quartet at -11 ppm for py·BH 3 . Both of these peaks increase in intensity with prolonged heating of the samples, indicating the continued decomposition of HBPin under the employed conditions.
Similarly, catalytic hydrosilylation of pyridine with 2.5 mol-% of 5 is possible, but is slow and does not go to completion. Upon addition of 5 to a mixture of pyridine and PhSiH 3 at room temperature, [LMg(py) 2 (1,2-dhp)] 11, is formed immediately, which is also the kinetic product in stoichiometric reactions of 5 with excess pyridine (vide supra). More forcing conditions are needed to achieve any catalytic conversion. After 48 hours at 80°C, only ca. 52% of pyridine has been transformed into a dihydropyridide species with [(1,4-dhp) 2 PhSiH] being the main product, though the exact product distribution is unknown, as [ (1, 
Mechanistic considerations
The proposed mechanism for the catalytic hydroboration and hydrosilylation of ketones for several previously reported systems often follows a general insertion/σ-bond metathesis cycle, [10, 23] although other possibilities remain. In order to shed light on the mechanism using the 14 phosphinoamide magnesium complexes reported herein (1, 5, and 8) , and the quest to identify the possible active species, we performed some stoichiometric reactions to assess the feasibility of individual steps for this mechanism. (2) These active catalysts likely undergo the hydrometallation/σ-bond metathesis cycle previously proposed for other systems (see scheme 4, B), which has support from our stoichiometric investigations: both the hydrometallation and the σ-bond metathesis steps are possible and show the appropriate rates under the respective conditions. At this stage, we cannot discount other mechanistic possibilities though, and evidence for slightly different mechanistic pathways have been forthcoming for related zinc and calcium systems. In comparison, it has been found that hydrosilylations of carbonyl complexes can already be successfully catalysed at room temperature for a series of heteroleptic, ligand-stabilised zinc hydride complexes. [25, 26] For one of these examples, an associative mechanism with a silane/zinc hydride adduct as the active species has been proposed.
[26e] For β-diketiminato calcium hydride catalysed ketone hydrosilylations, a concerted mechanism via a hypercoordinated hydridosilicate species was suggested. [10,13d] Also, a simple hydroboration or hydrosilylation mechanism on a Lewis acid activated ketone cannot be completely ruled out.
Conclusions
We have presented the synthesis and interconversion of a series of magnesium(II centre; b) reaction was monitored via 1 H NMR spectroscopy and conversion yields were determined by integration of the proton on the former carbonyl-C atom against an internal standard, c) calculated per Mg centre; TOF are double for molecules 1 and 8, and four times the value for molecules 5 and 9; d) > 90% of total products, R = Ph 2 C(H)O -, R' = 2-adamantanolate; e) hydrosilylations of 2-adamantanone produced a small quantity of a white precipitate at elevated temperatures after longer reaction times than given that appears to reduce the measured conversion in solution likely due to R' 3 SiPh product precipitation.
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